THE rufous hare-wallaby (Lagorchestes hirsutus) is a medium-sized marsupial (1.2 -1.7 kg) that was once widespread in central and western Australia (Fig. 1) . Four subspecies are recognised, one of which is extinct (Courtenay 1993; Maxwell et al. 1996) . Recently M. Eldridge and P. Spencer (pers. comm.) examined mtDNA and microsatellites from the three extant 'subspecies' and concluded that levels of genetic differentiation were not consistent with the recognition of three (or more) subspecies; however, we have used the subspecies names as, even if the populations do not warrant subspecific status, they do describe conservation units.
The undescribed central Australian subspecies is widely known as the mala, an Aboriginal name from the western deserts (Burbidge et al. 1988) . The 1996 Action Plan for Australian Marsupials and Monotremes (Maxwell et al. 1996) assessed the conservation status of this subspecies as 'Critically Endangered', based on IUCN (1994) . The assessment was later changed to 'Extinct in the Wild', following the realisation that reintroduced populations in the Tanami Desert had not survived (Johnson et al. 1996) . By 1991 mala existed only in captivity, with the great majority of animals in one colony near Lake Surprise in the Tanami Desert, known as the 'Mala Paddock ' (20° 22', 131° 54') . A Mala Recovery Team, formed in 1993, took responsibility for the development of a national strategy for mala recovery. The recovery team identified translocation of mala to areas of suitable predator free habitat at island and mainland sites as a key recovery action. This paper, as well as providing background to the mala recovery program, examines the procedures developed and the actions undertaken to support a translocation of thirty mala from the Tanami Desert to Trimouille Island off the north west coast of Western Australia. We use the IUCN (1987) definition of 'translocation', which is also used in the draft ANZECC policy for translocations of threatened animals in Australia i.e., 'Translocation means the movement of living organisms from one area with free release in another. Translocation includes introductions, re-introductions and re-stocking.'
HISTORY OF THE MALA PROJECT
Mala were once common throughout the western deserts of Australia, including the Great Sandy, Gibson, Great Victoria and Tanami Deserts (Fig. 1) . However, as with many of the Critical Weight Range (Ride 1970; Bolton and Latz 1978; Johnson 1999) .
Mala persisted in the western deserts until the 1950s (Burbidge et al. 1988) , but by the end of that decade they were considered to be extinct. However, in 1959, Alan Newsome located a small surviving colony on the Tanami Highway, about 450 km north west of Alice Springs (A. Newsome, pers. comm. 1997) . Subsequent surveys in the area discovered another small colony about 10 km away near Sangsters Bore (Bolton and Latz 1978) . However, despite additional survey work in the Northern Territory (Gibson 1986) and adjacent country in Western Australia (Burbidge and Pearson 1989) no other mala were discovered.
These wild populations were studied and monitored by scientists from the Parks and Wildlife Commission of the Northern Territory (PWCNT) throughout the 1970s and 1980s. In recognition of the apparent critical status of the wild population, a captive population was established in PWCNT facilities in Alice Springs in 1980 when five animals were removed from the wild (1M, 4F). Further wild animals were added to the captive population over the next six years, making a total founder population of 22 (10M, 12F) (Gibson et al. 1995) . In late 1987 the small and declining Sangsters Bore colony, by then confined to a single sanddune, became extinct due to predation by V. vulpes (Johnson et al. 1996) . Then, in October 1991 a wildfire, probably lit by people travelling the nearby Tanami Highway, burnt out the entire area occupied by the surviving colony (Johnson et al. 1996) . Mala became extinct in the wild.
Fortunately, the breeding program at Alice Springs had been successful and provided the opportunity to undertake an experimental reintroduction of mala into part of their former range in the Tanami Desert. Between 1981 and 1984 Warlpiri people assisted in fauna surveys of the Tanami Desert in order to determine if rare fauna persisted in the region and to identify possible reintroduction sites for threatened fauna (Gibson 1986) . Traditional owners accompanying researchers on these surveys identified a number of areas that appeared suitable for the reintroduction of captivebred animals. As young men they had hunted mala in the vicinity. One site on the normally dry floodplain of the Lander River was considered the most suitable, as it contained good cover and food plants for harewallabies. In addition, O. cuniculus were rare and V. vulpes uncommon (based on track searches, Langford unpublished data). A decision to build a breeding enclosure was taken in 1986.
The enclosure, a 1 km 2 predator proof fenced area, known as the 'Mala Paddock', was built with the assistance of a team of Aboriginal people from nearby Willowra. Upon completion of the enclosure in early 1987, mala from the Alice Springs captive colony were translocated to establish the new colony. The founding population released in a number of batches (approximately 12 radio collared animals per batch) between January and May 1987, consisted of 47 individuals (20M, 27F) (Gibson et al. 1994) . By 1992 there were ~150 mala in the 'paddock', sufficient for researchers to commence a reintroduction program.
Numerous attempts were made to reintroduce mala bred in the 'Mala Paddock" to the wild. A total of 79 were released just outside the "Mala Paddock" in ten batches between September 1990 and September 1992 (Gibson et al. 1995 . However, all of these animals were either killed or disappeared over an 18-month period. The evidence from carcass examination and tracks pointed overwhelmingly to predation by F. catus and, to a lesser extent, V. vulpes (Gibson et al. 1994) . Though efforts were made to control predators at the site (over thirty F. catus were trapped and killed in fourteen months), the release program was abandoned as F. catus, which could not be sufficiently controlled, continued to take mala. A decision was made to discontinue efforts to reintroduce mala to the Tanami Desert from the 'Mala Paddock'.
Confronting a stalemate where mala could be successfully bred but not released, the Recovery Team decided its initial objective was to prepare a Recovery Plan (Johnson and Lundie-Jenkins 1991) . One action in the recovery plan was to establish mala on a predator-free island. A desk-top exercise carried out for the recovery team by one of us (AAB) and G. Lundie-Jenkins in 1994, using the Mammals on Australian Islands database (Abbott and Burbidge 1995), identified several possible target islands in Western Australia and South Australia. However, after discussion with conservation authorities and onground assessment, only Trimouille Island and North West Island in the Montebello Islands, 80 km off the Pilbara coast of Western Australia and about 20 kilometres north of Barrow Island, appeared to be realistic translocation sites. The Mala Recovery Team supported further research and on-ground investigation of the potential for a mala translocation to Trimouille or North West Island.
At that time, both islands (and almost all islands in the Montebellos) had i nfestations of black rats (Rattus rattus) and F. catus had been recorded on Trimouille in the 1970s. The Department of Conservation and Land Management (CALM) was planning a project to eradicate both species. This project, Montebello Renewal, is part of CALM's 'Western Shield' (Burbidge 1997) . Rattus rattus were eradicated on both islands in 1996, confirmed by searches in 1997 and later. Searches during 1994-1996 revealed that F. catus had become locally extinct (Burbidge et al. 2000) . In July 1997 we visited Trimouille and North West Islands. Of the two islands inspected, Trimouille was considered most suitable for mala. The vegetation on Trimouille was judged to provide good shelter and food resources for mala and the sandy substrate would enable mala to dig shelters if they wanted.
Rabbit Flat
Highlighting the importance of the Recovery Team's decision to expand the population of the central Australian subspecies were findings that L. hirsutus from Bernier and Dorre Islands have low levels of genetic variation. In contrast, the captive mala populations ('Mala Paddock" and the breeding facilities in Alice Springs) retained high levels of genetic variation (M. Eldridge and P. Spencer, pers. comm.). The implication of these findings was that to prevent loss of variation it was imperative that the captive population be rapidly increased in size. Thus from a genetic viewpoint, irrespective of the taxonomic status of the Bernier and Dorre Island populations, the captive population of mala should be used to source the proposed reintroduction to Trimouille or North West Island.
THE SOURCE POPULATION
Since 1997 the semi-captive mala in the 'Mala Paddock' have been managed to secure that population. Further attempts to reintroduce mala to the Tanami Desert were not undertaken given the inability to control predators, especially F. catus. The mala are provided with food (lucerne chaff, kangaroo pellets) and water and monitoring data show that the population within the 1 km 2 'paddock' has been maintained at between 150 and 200 animals. Climate data for the nearest weather stations, Rabbit Flat and Yuendumu, are provided in Table 1 . Triodia hummock grasslands dominate the area. A description of the vegetation can be found in Gibson (1986) . Table 1 . Temperatures at the Montebellos may be slightly less extreme than on the larger Barrow Island, where the weather station is in the centre of the island, and summer rainfall may be slightly lower than on Barrow, because of the smaller area of land (Barrow is large enough to promote local thunderstorms). Trimouille Island has less extreme temperatures and lower annual rainfall than the Tanami Desert; however, heavy dews are much more common.
THE TRANSLOCATION SITE
The Montebellos were not inhabited by Aborigines post separation of the islands by rising sea levels (Abbott 1980). The first Europeans to land on Trimouille were crew from HMS Beagle in 1840 (Stokes 1846). They reported that the spectacled hare-wallaby (Lagorchestes conspicillatus) occurred there and that 'nearly twenty' were shot for food. In 1912 Montague (1914) found no sign of harewallabies on Trimouille and suggested that Stokes had actually sighted them on nearby Hermite Island, which still had a population at that time. Burbidge et al. (2000) have recently confirmed the Beagle record, noting that a specimen in the Natural History Museum, London, labelled 'Trimouille Island, Dampier's Archipelago' was a lmost certainly collected by Stokes. It seems likely that F. catus and/or R. rattus, reported by Montague in the Montebellos, had exterminated the hare-wallabies sometime between 1840 and 1912 . In 1952 and 1956 , the Montebellos were used by the British as a nuclear weapons test site. In 1952, a nuclear device of about 25 kt was detonated below the waterline in a small ship anchored off the point between Cocoa Beach and Main Beach, Trimouille Island, resulting in high levels of radiation throughout the island and a fire that probably burnt the whole island (Cathcart 1994) . In 1956, a second nuclear device of about 15 kt, was detonated on a 30-m tower at Gladstone Point at the northern end of the island (G1). In the same year, another device of about 98 kt was detonated on a 30-m tower on Alpha Island, 2.5 km to the west (G2, this was the largest nuclear weapon tested in Australia). Trimouille Island still has concrete structures, rusted metal and other artefacts from this era.
Prior to 1992 scientists from t he Australian Radiation Laboratory (now the Australian Radiation Protection and Nuclear Safety Agency -ARPANSA) and the WA Radiation Health Section carried out radiological assessments of the islands. By 1990, residual radiation (alpha and gamma) had dropped to a level considered safe for short visits to the islands (Cooper et al. 1990) . The Islands were then returned from Commonwealth control to Western Australia in 1992 and declared a 'Conservation Park'.
There are no standards relating to maximum radiation doses for macropod marsupials (or other animals of similar size). It is reasonable, however, to assume that the radiation dose standards set for humans will be a good guideline for small marsupials. The International Commission on Radiological Protection, in their publication Number 60 (ICRP 1990) , recommended that doses received by the public should not exceed 1 000 microsievert per year above background and the dose for those who have chosen an occupation in which radiation is an integral feature should not exceed 20 000 microsieverts per year above background. For medical patients no limits are set for diagnostic or therapeutic radiation except that they should be as low as possible. In nuclear medicine, the diagnostic procedures are typically within the range 1 000 to 10 000 microsieverts.
The possible effects of ionising radiation on mala were assessed in the translocation proposal. The most recent radiation measurements available at the time were taken in 1990 (Western Radiation Services 1993). They suggested that in worst case scenarios animals inhabiting areas with elevated radiation all their life would receive annual doses above the public limit but well below the recommended maximum for radiation workers.
In June 2001, a Scientific Officer from the Radiation Health Section of the Health Department of Western Australian made new gamma radiation measurements (J. Manning, pers. comm.). Measurements were made at 1 m above ground. Background levels for the islands were about 0.1 microgray per hour. Levels were above background within about 150 m of G1 (about 10 ha), with the average reading being 0.15 microgray per hour. An area comprising about 15% of the island (about 80 ha) extending northwest from the north end of Main Beach had elevated levels, with the average reading being 0.29 microgray per hour. As anticipated, radiation levels had dropped significantly since 1990. In 2001, a small group of mala occupied an area near G1 but only a single track was sighted within the area north of Main Beach. Most mala occupied areas with background radiation only.
The unit of measurement for environmental gamma radiation is the Gray (absorbed dose). For the purpose of dose estimation in this study a reasonable approximation may be made by assuming that the absorbed gamma radiation dose rate in air (measured in microgray per hour) is approximately numerically equal to the gamma exposure rate for animals (measured in microsieverts per hour).
In 2001, the average dose likely to be received by a translocated mala moving randomly throughout the whole of Trimouille Island over a year was estimated to be about 272 microsieverts above normal background. For animals occupying only the area around G1 for the whole year the dose would be about 438 microsieverts above background and for animals occupying only the area north of Main Beach for the whole year the dose was estimated to be 1 664 microsieverts above background. We conclude that radiation effects on the translocated mala are likely to be negligible. Note, for example, that some areas of pisolitic laterites on the Australian mainland have background levels generally of about 0.3 microgray per hour with some small areas up to 0.6 microgray per hour. For some beaches in Australia, localised dose rates up to 1.6 microgray per hour have been measured (Alach et al. 1996 , Toussaint 1985 .
The carrying capacity of Trimouille Island for mala is unknown. Mala existed at high densities at Sangsters Bore, but densities there are not known. Lagorchestes hirsutus have been censused on Bernier and Dorre Islands. Short et al. (1997) The site chosen for the release of mala was immediately behind Cocoa Beach, outside the current 'radiation zone'. It was adjacent to a low thicket of Alectryon oleifolius, areas of Spinifex longifolius and mixed grasses and sedges.
THE TRANSLOCATION
A Translocation Proposal (TP) was finalised in early 1998 according to procedures laid down in CALM Policy Statement No. 29 (CALM 1995) . The TP covered all matters relevant to the translocation, including why the translocation was considered to be a high priority, the choice of the release site, eradication of R. rattus and absence of F. catus, and animal welfare issues including the radiation hazard on the island. The earlier occurrence of L. conspicillatus on Trimouille was confirmed in 1998 and relevant information added to the TP. It was argued that L. hirsutus should be introduced to Trimouille rather than L. conspicillatus being reintroduced, as the former species was highly threatened and the latter not threatened. Further, a reintroduction of L. conspicillatus is proposed to Hermite Island, once it is free of exotic mammals. The TP was refereed by two independent scientists, and after some minor modifications was approved by CALM and PWCNT. Animal handling and transport protocols were part of the TP and were approved by an Animal Ethics Committee.
On 15 June 1998, a team of PWCNT staff and Aboriginal helpers from Willowra community commenced preparations for the translocation of 30 mala and pouch young from a remote site in the centre of Australia to an equally remote site off the Western Australian coast. Whilst there have been translocations of macropods to offshore islands over the past 100 years (Short et al. 1992) , few if any, were as complex and potentially stressful to the animals. Mala, together with at least nine other species of macropod, are known to be susceptible to capture myopathy (Bartsch et al. 1977; Shepherd 1983; Munday 1988; Cole et al. 1993) . This is a stress-induced condition that causes degeneration of skeletal and/or cardiac muscle, and often leads to impairment of normal physical and physiological function and in more severe cases, to the animal's death.
Though the PWCNT team had many years experience handling mala, additional precautions were taken to avoid stress to the animals selected for translocation. Ten small 5 m x 3 m temporary holding pens were constructed using fine filament plastic mesh and shade cloth. These pens were required as trapping 30 mala of the appropriate age, sex and reproductive categories would require three to four trapping nights in the 'Mala Paddock'. The pens were naturally vegetated with clumps of spinifex ( Triodia pungens), however additional clumps were dug up and placed in any pen that was thought to provide insufficient cover.
Twenty soft -capture Bromilow traps (Kinnear et al. 1988) were installed around feeding stations in the 'Mala Paddock'. These were baited at dusk with fresh lucerne. PWCNT staff and volunteers worked in teams, checking the traps every two hours over four nights. Over 100 mala were captured, enabling us to select 20 adult females (11 females had small pouch young; females with large furred pouch young likely to be ejected from the pouch during handling and transport were rejected) and 10 adult males. Selected animals were ear-tagged and fitted with radio collars (Sirtrack, type TXTMC with mortality function, mass 25 g, estimated battery life 14 months) before being placed in temporary holding pens.
Near midnight on 19 June, the 30 mala were captured in the holding pens using hand nets. They were placed in hessian bags and then installed inside 15 pet packs that had been divided with cardboard inserts into two compartments. At 4 am the pet packs were loaded into four-wheel-drive vehicles to commence a three-hour drive to Willowra airstrip. There they were loaded into a twin-engine aircraft, which flew them to Karratha, with one refuelling stop at Kiwirrkurra, in the southern Great Sandy Desert. Reflecting the importance of mala and the translocation to Warlpiri people, several Aboriginal elders were at Willowra airstrip to farewell the mala. At Karratha they were transferred to a Bell 'LongRanger' helicopter provided by Apache Energy and flown to Trimouille Island, arriving at 4.30 pm WA time.
All mala were released just after local sunset; they had then been in transit in close confinement for over 20 hours. All except one appeared well; one was weak and may have been suffering mild capture myopathy. Fresh lucerne chaff, apples and drinking water were provided and once released all mala moved a few metres and started feeding.
MONITORING
The mala were monitored every two days for 10 days after release. Radio tracking was conducted on foot during daytime and locations were determined by triangulation with no disturbance of the animals. Radio-tracking indicated that most animals sheltered within 100 m of the release point. Almost all animals sheltered in the same location each time searches were made. The weak animal was sighted two days after release and appeared to have recovered. It was still alive one year later. Some animals moved a short distance, only to return to the release site a few days later. Three or four mala ventured up to 400 m and one was found 800 m from the release point.
On the completion of the first monitoring period on 28 June, 28 mala were known to be alive and two transmitters could not be located (although both had been located on 26 June and both animals were then alive).
A second monitoring visit to Trimouille Island took place during daylight on 8 and 9 August 1998 (50 days post-release). Radio tracking during daytime on foot located 29 transmitters, including both animals that could not be located on 28 June. Animals were not disturbed. Twenty eight mala were alive and one was dead. The dead animal was one of two that could not be located on 28 June. It had apparently died at the end of June but its remains bore no evidence of predation. The position of the body suggested that it might have drowned. Most mala were still within 100 m of the release site; only four were more that 200 m away, with two located about 3 km northwards.
A third monitoring trip was undertaken in June 1999, twelve months after the release. Radio tracking during daytime l ocated 24 mala and locations are shown in Fig. 1 . Three animals were flushed from their squats and another was captured and its near expired radio collar removed. One flushed female had an independent joey in the same squat, indicating that breeding had occurred on the island. The skeletal remains of one mala were located in dunes towards the north end of the island and a radio collar transmitting in mortality mode was found on a beach close to the release site, but there were no remains of a mala in the vicinity.
On 28 August 2000, track activity and fresh droppings were common in the vicinity of the release site near Cocoa Beach. Three mala were captured on the evening of 27 August using head torches and hand nets. One was a male released in 1998; one was an untagged wild-born female with large pouch young (weight ca 145 g) and one was a sub-adult wild-born male. A further five mala were sighted but not captured. A dead animal, one of the original release group, was found at Cocoa Beach. This animal had been dead for about two to three months and there were no obvious signs of predation. On 29 August searches south from Cocoa Beach and from Cocoa Beach to Gladstone Point revealed that relatively high track densities extended about onethird up Main Beach and up to 500 m southwards. Tracks were also found at four other locations northwards, as far as the northern end of the island near Gladstone Point.
On 24 October 2000, members of a Landscope Expedition located tracks near Gladstone Point and at Main Beach, where three mala were flushed and behind Cocoa Beach where a further two were flushed (K. Morris, pers. comm.).
On 26 and 27 June 2001 one of us (AAB) again visited Trimouille Island. The whole island was searched by foot by four people. Mala tracks were common near Cocoa Beach and Main Beach, in some areas south of Cocoa Beach and around G1. Three animals were flushed from shelter. Scattered tracks were located elsewhere on the island. Searching suggested that mala were significantly more abundant and widespread than in 2000.
Rainfall data from Barrow Island, 25 km to the south, for the period 1995 -2000 are incomplete; however, they show average to above average rainfall. There was high rainfall in 1995 and 1996 from cyclones and mid-level disturbances in early winter, high rainfall in May 1999 from a mid-level disturbance, and again in March 2000 from cyclone 'Steve'. Thus conditions pre-and post-release have generally been good.
CONCLUSIONS
This project has shown that, with careful planning and attention to animal handling techniques, it is possible to translocate mala successfully from a semi-captive fenced area to a remote island over 1 500 km away. Monitoring shows that mala have established on Trimouille Island, are present apparently in greater abundance three years later, that pouch young have survived pouch exit, that breeding has occurred and that island-bred females have produced large pouch young. While further monitoring is necessary to confirm that the Trimouille Island population continues to expand and becomes self-sustaining, this objective seems likely.
According to the rules associated with IUCN (1994 IUCN ( , 2000 Red List criteria, the conservation status of the mala cannot be reassessed until five years after the establishment of the new population. This is in mid-2003. Then, transfer of L. hirsutus central Australian subspecies from 'Extinct in the wild' to 'Vulnerable' under criterion D2 appears possible. Other mala translocation projects planned for Shark Bay and Dryandra, Western Australia, under CALM's 'Western Shield', should further enhance the conservation status of this once common and widespread marsupial.
